


The MSSM Higgs Sector

2 CP-even states h, Il — mixing angle e
1 CP-odd A 1 charged Higgs H™

e Al tree level:

mp < Mz
Input param. —+ ma and tanf = v2/1

o After quantum effects:

mass spectrum depends on M: and the stop and
sbottom sectors:
mp < 130GeV
== stringent direct test of the MSSM

= Effect of rad. corrections on Higgs couplings to
fermions and gauge bosons

. ; T abE M
e change basic relation ;bi # e

hr

e strong suppression of BR(¢ — bb)

= depending on the MSSM param. space — change
drastically the Higgs bosons search strategies.

To define potential of a collider for Higgs searches it is
necessary to explore the most challenging
configurations

e,
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FIGURE 17. Meutral M3SM Higgs production crees sections at the Tevatron [y/5 = 2 TeV] for gluon fusion gg — &,
yector-hoson fusion ap — qu¥V — ggh, gpif, vector-boson bremsstrablung gf = V* — AV/HY and the sssociated

produciion g7 — Pbb P including all known QUT corrections.  {a) k/H production for tn.n,['l =&, (b) L, H
production far tan @ = 30, (c] A production fer tand = G, (d) A production E'n-cr tan @ = 30,
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Seft SUSY preaking
- 3USY st Ut token in nature
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wm of SYSY — nol welt undensloodl set
and. mavlels of SYSY arne nol Ao simpte !

In general, spontaneous/dynamical breakdown of
SUSY in some new (hidden) sector at high energies,
where some components of the new sector adquires
V.E.V. < F > —3 dim. m?

= Interaction between those components and the
MSSM superfields = give rise to soft SUSY
breaking terms: moc < B =M

Af: scale of transmission of SUSY breaking (messenger

scale)

Phenomenological approach:

e define Boundary conditions at scale Mp; or below
at which SUSY breaking is transmitted from hidden
sector to observable sector

e use Renormalization Group evolution of soft SUSY
breaking parameters from SUSY breaking scale down
to low energies — define the SUSY particle spectrum

EUTSY Prospects for Tevabtron Jlwen 2 Afareele Cerenn, Fermaleh #



Sugra Scenarios

moduli fields T, S (hidden sector) adquire v.e.v.’s
< Fr g >#0 and interact with MSSM fields through =

1/ My inte% fpf_‘_‘f'a. T?% & ﬁyn.-
mj  oc< Fs > [Mp + < Pr > /My o< mo ‘E
aalt _% ,5
M; oo FS}fMﬁjC{Mlg 3: ”

Ag x< Fp g > fMpi Big oc< F'_]?' - f—Mpzz

This are the boundary conditions at My, then RG

evolution till Mepr gy (scale of SUSY particles)

To have TE e x< Frg > fMp =1 TeV

— 4/ Fpr g =~ 1011 GeV,

Problems of the SUGRA scenarios:

¢ sensitivity to UV physics
e lack ol predictivity
@;ﬂ,ensitiviw to flavour viclation — hard to suppress

contrib. from SUSY to B, K, u physics

e
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_Specific Minimal-Sugra features:

Including electroweak symmetry breaking condition,

—= the whole SUSY particle spectrum defined by:

mo — universal scalar mass

M ;2 — universal gaugino mass

Ao — universal cubic coupling scaling factor
wn

tan 8 = £* — ratio of Higgs v.e.v.’s

sign of p — SUSY Higgs mass parameter
radiative ELW symm. breaking

= 1 gﬂﬂﬂr-ﬂl Elf.-l'r| = M]J,."g

e light neutralino/chargino states — gaugino like
e heavy states — higgsino-like

MTL=0 ™ T4+ T The0 O
megn mxli 74

TH=0 == M=o = M_+ = g
g0 0 o || = %E

Furthermore:
= if mp 3 My —rmg , ~mp > Mg

= if rnp &K My, —+ Mz > Mgy o = My > My > ﬂLfo Mz,

2r8Y Progpecte for Tevatran Run 2 : Mareels Carene, Formédlab #



Fxtensions of MSUGRA -
= _F Violation

e complex phases for all soft SUSY breaking
parameters, but at least two cannot be rotated away
choosing those as ¢, and ¢4

— gix param. determine the sparticle spectrum:

Mo, leﬂ: A'Dz- tﬂﬂﬁ, 'QE'PI-: '¢'.‘1

e Interesting constraints on SUSY param. space from
EDM's of electron and u.d guarks

(df)”' 1025 o (Imp, ImAy) 1TeV E( TIL )
€ Lmﬂ.:n.{m.f,m;l} m{m:.[mf,m.;] 10MeV

To resolve the one-loop CI? crisis:
o Imyu/|p], ImAys/As < 1072 with (m;,ma) ~ 200 GeV
s P phases ~ 1, but my > 1 TeV for f — &, 14, d, Ur.

¢ Cancellations between different EDM terms

|

SUSY Prospects for Tevalrowne Run 2 Marceln Carena, Fermilab g



Falk  Olive

Required values of M ;5 to satisfy electron and neutron
EDM'’s for tan &5 =2, mg = 100 GeV, 4y = 1 TeV.

Zones labelled II, IIT and IV correspond to:

200 GeV < MT7m <300 GeV, 300 GeV < MImin <450
GeV oand A l’“},"'z’”“ =450 GeV

¢ T'wo-loop contributions to EDM’s = constraints
on CPV parameters of 3rd. gen. squarks, specially for

large tan 3 — important for Higgs physics

= PV makes more difficult to reconstruct param. of

SUSY particles from experimental data

BEUSY Prospects for Tevatron Hun 2 Marcela Cerena, Fermilab ?



= Non-Universality of Soft Terms

Universality of soft terms comes from assumption
that Kahler potential does not have generafional
dependent couplings with hidden sector

Relaxing this — non-univ. scalar masses

— FOUNC constraints

However, Higgs sector univ. or 3rd. generation sector
univ. is not strongly confrained

Non-universality produces identifiable signatures at
low energy

= R-Parity Violation et e

Analysis of MSUGRA signatures depend strongly on
R-parity invariance or violation

If B-parity conserved = L5P stable

— lots of Fr— distinctive SUSY signature

L
SUEY Prospects for Tevatron Man 2 Mareels Carene, Fermilak T



Jhe Flowowr Fholtem & SUSY Qﬂmé.ﬁ%

Strong camioints on flawr puctune a{:yﬁ? Lenns
——= o combroints o FCNC frocesses

‘?E'J m> | Aif?, bul one cowlol. wite mom Teuma which.
Tn the Lonis where W ore ,aﬂzlaﬁga-vm.ﬂ ({ﬁ cliog.
§ formiompector > olome o o SUsY pway)

=y putibomtiol off pliag § Lerms ot fosoibte

AM*

Df = A8 0y T TEFETE
tyowld Lndicce sacescrt- - ___g
T T I

contnit T K - Ks mam olig)f. ®
<:rr'mr'£ﬁm %‘r 15"51. ?}-ﬁ! /Q—:-E.Ef)

v Allennotue -fgra?&-‘ ee L] dio «uu;{efb . Pemeoms & Slenmin
——w=then Aon-e aév/:vﬁ conthill. ﬁ:fn.miaﬂ D/



V%E- Zhe SM — GIM Wmﬁmm

LR i, LR
?’Lu ={c 'zftd = %
¢ {5
LR b/i,R

h{{: "';uf -b}"" 'ﬁ‘:j + ...

M ('E.fa"*.?f MG SR A

szﬁm )M{’, (?f)thc

anct M= Ul MN e T Bt
d
MW =D M9De

[fw‘rn fﬁa Lﬂéfﬁﬂcjbﬁh o 2Ae e E.?Eﬂ—ﬂﬁ'oﬁ
-L%dm tn. the newbed pecton = C’.',féé f_':? D,
bt o the ﬂi{cf?&i/sufé‘b 5.— ML"_D,_
fj clae T ﬁﬁtanﬁﬁﬁy ;
- e ﬁme.ﬁtrﬁﬁ- oG é-gﬁ covieck. /da//bfls&ﬂeoﬂ«

<d¢m&&ﬂ/?mmm/w&igbnﬁ ?ﬁﬁ?&a
y e¥ in oM ﬁ'/ m, =0 fm{:t}



Flavor ¥ polrtem amsl SUSY ﬂmémg.
SM: Myz US M U, M52 D Ma Dg
Yetial conents consnie f&ww/v
(R 5 A (R %)

. y o .
" fai rr _@ K .
?‘u, ‘?!u: ﬁ - ?L ?{'{’ {’{’ ﬁ -ﬂbrz’f’a?

2 my + M;“ Mty Bt = ?5::;; M Pip

L
ﬁjﬁﬁ}ﬂé{?’ Susy N
P b, S E_%ﬂ o
bﬁ uL# N d dﬁ % b, s

=7 contrilr. L K, - Ks man Lfd o0 t- D-D
B-B m"? wwbied. orne ust possl e

T m*n m2I =06 =u
f LL"”G' 7£. b 7 ;&?

e ,
{J.EA(T-_-} b‘,} Mﬁﬂ- j%m Sy =2 dfj?ﬂﬂ&ﬂt&f{ g&?



Gauge-Mediated SUSY breaking
Scenarios

e Superpartner masses proportional to A = }é‘;’M
4/ ,E': intrinsic SUSY breaking scale
M: mass scale of the messenger sector

e Minimal set of parameters:
A, M, N, tan 3, sign(u), Cg

I: number of messenger generations, C: constant
relating SUUSY breaking scale felt by the messéngers and F

(Te)
= Hierarchy of SUSY particle masses — related to
gange couplings
mg/my, o< azfoz
Mg X g Mygr X me g o mfﬂ
Similar to SUGRA.
Thg /e o oo and mg fmyg o< oo

= Special feature — light (gravitino) Goldstino
ma ~ FfMp; ~ 107" M [GeV]

The Goldstino couples to each 5M particle and the
corresponding SM superpartner with strength 1/F

L.
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= Three relevant ranges of NL5F decay lengths:

e prompt decays = particles appear as originating
from interaction point

Il
Signature of SUSY pair: 2 hard photons + Brfrom G

s macroscoplic decay length but within the detector
(smoking gun of low energy SUSY)

I

% displaced photons (accurate photon pointing);
# ID of high momentum partons from secondary

vertices;
* high ionizing track (HIT) with a kink to a minimum
ionizing track (MIT) or a tau jet

e decay length well coutside the detector:

4

+ if neutralino-like NLSP — Fr like SUGRA
* if slepton NLSP — HIT without much Fr,

time of flight in the search for slow moving leptons.

HUAY Progpocts for Tevatrorn Hun % Mareeln Cerenn, Freernelah #



‘ Stop and Sbottom Searches I

In many models (MSUGRA, extended Gauge— and

Anomaly-Mediated) — #'s and Bs quite light

o If mi,

Signals: 2b jets + 2 W's

Selection: b-jet + jet + 1 + FEr,
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+ Fr,
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« If the above modes not kinematically allowed

:||—a¢+ﬂ|_-.r|l_—1bw;_'i'

E]_ — ﬂ_’_f!.?:'i'

Mrmdrgrea |2onfe
|

(via Frflt loop)

Signal/Selection: )
Ec- jets + Ei1 S : . .\..._:l.-l-.-\__-_T I _-\.-\...-u.

L

» Shottoms:

= by — bi!Y

100 % BIR

P o
if ﬂxg}mb Ty,

usmiana m| e o

if b — b%? allowed, limit degraded in 30-40 GeV
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In summary:

Robust studies from Theoretical fexperimental collab. at
the Higgs/SUSY Workshop to define Tevatron reach for
stops and shottoms

With [ £dt =2 (20) b !

iy, < 185/190 (260/250) GeV in f; — bYT /f1 — bID
my, < 160 (200) GeV in t; — ¢
mg_ < 210 (270) GeV in b; — b%°

Interesting: light right-handed stops m;_ ~ 150 GeV
+ MSSM Higgs my ~ 100-115 GeV .
— | |3 Geb’ [,f mqu.l.fe‘.ﬂ’

=— compatible with ELW Baryogenesis Mechanism with
proper generation of Baryon asymmetry for CPV phases
compatible with EDM constraints

Tevatron Run?2 reach for Higgs and stops
— probe Baryvogenesis at the Electroweak scale !

e
EUSY Prospecta for Tevatron Bun 2 Murceln Cerenoe, Fermidad "o



SUGRA Trilepton Mode and SUSY
Signatures with Taus at the Tevatron

¢ Golden channel at the Tevatron
= =2k =0 3l ET I =
PP = X7 Xa —¥ -+ =&,

= worst case scenario:

in many models (SUGRA, Gauge mediated):
staus are light (ms < Mgk O mig}

= golden mode becomes ineffective.
Instead, a lot of T's

¥s = 2.0 TeV, g = 0, myyy = 200 GeV

(a] mgy = 100 Gav (b} 1o = 200 GeT
g ! f
— »
o 102 B T
¥ f
il
140
B OEy
= |- %8
iz ] 8 = '1_1"1.
* 1n l" .\H'\-\. o B
& F e
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%
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% 1= % (el
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iD a0 a0
tanf

The leptonic tau decays are soft = harder to identify and
cuts need to be re-optimized

Background processes (W*Z*, W*~%}] previously
unaccounted for are big —need to be cut optimized—
With soft but realistic pr accep. cuts

= tau modes contribute importantly
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o Light 7 and direct detection of r's via their
hadronic decays

Lalal Integrated
liminoaity nesded for

a3 {eelid) and a B o

(dashed) for trileptons

() and dileptoos (O3,

like-glgn dileprona (<)

plus B taw jet

(d}

1 1
100 110 120 130 140 110 0 130 140

= Comparison of trilepton mode with dileptons plus
tau jet and like-sipn dileptons plus a tau jet

— shows good sensitivity in tau jet channels

(better study of tan trigger eff. needed)

e
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RUN 2 Potential in the mode:
pp — SUSYparticles — 3 + X

(BUSY 1iggs SUGRA report)

1 >4, bang =3
() [Mg=Mg = 15 Gak (5] 18 Ga¥ < Uy £ 78 Ga¥
1000 prpre—TTTrT

b
t60 &0 RSO 400
I'ﬂ.,r.rﬁ"lﬂ

g0 i 300 &} 300D 109
EIT L

inh g = 0, damd = 1D

(bl & O tang = 35
] I R I

[ 4]

LS 20
@y {Ea¥)

oo 12¢ E0D ZE0 300 100
=y (Ge}

23 o

o low tan d — M o as high as 250 GeV
o large tan 5 — M5 as high as 140-180 GeV
this includes leptonic tan channels

m .+ ~ 110 to 200 GeV Mz ~ 400 to 600 GeV
1
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|: Gauge-mediated diphoton Tevatron reach

SUSY /Higgs Gauge Mediation Report

= Bino-like NLSP: Y —~G  Signal: vwXFr X ='s,jets

My, ~ 300 - 400 é-._g'u {Ex‘:il)r% 280- 350 (554;“1

2 / L20 L mn/
e T I 1 : T T3 o T

o= itz 3 .
mﬂ’.ﬁ' e, e madol ] Newtsaling NLSP

e Prompt decayy

=
HE

Dlscavery roech (21007}

Cross Scction {fb)
/

3 95% O, llert (27 w
o ..___‘_____5:1 lings
Il b e e i i —
1 —
....... 5% CL Frit (20007 I
1 1 [} ] .
SIS P P PP P e e e e | 15 0 L] £} 150 Ky}
ZD 225 250 275 900 o255 G0 76 400 485 ;
;-.f:;.‘] [SoW) . Chargino Mass (GeV)

g

¢ Non-prompt decays and photon pointing
AT

il E::l 0
it is possible to ﬁ'j_j ﬁ:
identify a 0’ Jb
displaced photon E mﬁ Nzﬂﬂ G‘g\,
from a secondary & o
vertex and E .f L N
possibly det., 500-50cr
decay length 1k 56 du'sc.

i K T TR VT
using ‘TOF Eh'l.rgﬂmh‘l'lss{m"'f] LF <= aD'FB

Meas. of decay length — meas. of SUSY breaking scale

- | Jt
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= Higgsino-like NLSF:

}EE — '[h': 31 ’:"'l:lf:? Sigﬂﬂ.l.‘ {hh! 'ilri''-JF-"“’F"-—"‘r E’?-,EE, ’]"#T}XEI
Diboson Signatures (Z — 11/jj; h — bb)Fr X = 1s jets

e Prompt decays: v+ b FrX channel

A (TeW)
i B) ES 90 95 100 05 L0 LIS W
1 1 H 1 1 L) ]
Higpsino MLEP
= : —
= R{ A
_I—-'_'_'_'__
2 ¢ E | —=
5 g ) [
EHd " e
. ) —
£ ot e
o —_ )
1 I
TR b T T80 o0 30 Tio mn 390 3
REIRE T ] P :
M3 (Bt Chargine Mass (GeV)

—+ m_ up to 200, 250, 280 GeV if 2,10, 30 b1 BFEC.L.
1

bb ErX channel — less sensitivity; Z leptonic decay —
useful

e Non-promt decays (few 100 TeV < ' F < few 1000 TeV)
— displaced photons or secondary vertices from bb, jj, 1l

Search for displaced Z bosons using large E+ displaced jet
with finite impact parameter or diplaced leptons should be
explored.

o If v'F > few 1000 TeV = outside detector decay looks
like traditional ¥{ LSP

.
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= Stau NLSF:
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= Slepton CO-NLSP:  simitoa & 3 AzsP Sut
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| Overview '

Tevatron Run 2 = very rich and broad physics
potential

= Starting from the first few hundred pb~':

e B Physics: CP Violation
= 8in(28,,x ) — tests new physics

= With increasing integrated Luminosity ( > 2 fb~1):

e precise meas. of M; & Mw
—= indirect meas. of g

e Furthermore, search for new physics via top physics.
e SUSY particle Searches:

m; ~ 160 — 200 GeV, m; ~ 200 — 270 GeV,
mg+ ~ 100 — 200 GeV, my ~ 400 — 600 GeV

test many different scenarios
e Search for Exotic Physics and Extra Dimensions

= Maximal demand on total integrated luminosity
and detectors performance:

¢ Higgs Physics:
Sh —= test Higgs mass region preferred by precision data
Probe MSSM through its Higgs sector

High integrated Luminosity = > 15 fb™"
top priority for Higgs search at the Tevatron.

e
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